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TITLE: Construction of automatic control systems with variable structure and low sen- 
sitivity to rapid changes in a wide range of parameters of the controlled object 


SOURCE: Vsesoyuznaya konferentsiya teorii 1 praktike samonastraivayushchikhsya 
sistem. lst, 1964. Samonastraivayushchiyesya sistemy (Adaptive control systems); trudy 
konferentsii., Moscow, Izd-vo Nauka, 1965, 126-136 


TOPIC TAGS: nonlinear automatic control, automatic: control parameter yp AIO PAR 
AVTOMAIIC ComrTRO4s- SYrSTEPL 
ABSTRACT: The paper proposes a direct method of calculating the control law of line-. 
ar, second and third order control systems with variable parameters so that the dynam- 
ie properties of the systems remain unchanged. The <ransient response time is used as 
one of the system's dynamic criterions. The basic idea of the method is to find a sub- 
space in the admissible state space of the system, such that the movement in it is ip- 
dependent of changes in the object parameters, By assuring that the system {8 stable 
in that subspace, and that for any initial state the system will get into that sub- 
Space, the problem would be solved. A direct solution, based on a controller with a 
variable structure is proposed. General formulas are derived and three examples are 
presented. Orig. art. has: 9 figures, 32 formulas. 
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{TITLE : Principles in the design of a non-search adaptive automatic control system 
with varying parameters 


SOURCE: AN SSSR. Doklady, v. 170, po. 6, 1966, 1279-1262 


OPIC TAGS: automatic control theory, control system stability, self adaptive con- 
trol, automatic gain control 


jABSTRACT : The authors analyze a self-adaptive automatic control system in which the 
gain is varied over a wide range as a function of the system's stability. The gain vari 
ation is slow compared to the speed of the transient processes. The control system is 
described by the motion of points in an n-dimensional phase space. The authors show 
that the dynamic performance of the system is considerably improved, if the vector, 
governing the motion of the points, changes in accordance with a predetermined relation 
to the transient system's behavior. The transient behavior is characterized by the 
time interval At which is a for transition of a point from one fixed hyperplane 
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ORG: Institute of Automation and Remote Control (Institut avtomatiki { telemekhaniki) 
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TITLE: Autonomy in multicodnected systems of automatic control with variable structure 
SOURCE: AN SSSR, Doklady, v. 169, no. 1, 1966, 52-54 
TOPIC TAGS: automatic control design, automatic control parameter, algorithm 


ABSTRACT: The authors discuss problems related to the synthesis of the control of multi- 
connected plants whose internal properties determine the presence of finite or differential 
connections with respect to the control coordinates. The algorithm of the control device must 
ensure an independent motion with respect to each of the controlled quantities relative to the 
changes of other control coordinates, i.e., it must satisfy the autonomy condition. The 
autonomy problem is solved by the methods of variable structure systems, By means of such 
a system 4 multiconnected control system is established which is autonomous within a certain 
subspace of the coordinate phase space in such a manner that the autonomy conditions are only 
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PITLEs The Way of Obtaining Complicated Laws of Control Using only an 
' Error Signal and its First Derivatives (Sposob pelucheniya 
4 ‘Slozhnykh zakonov regulirovaniya s ispol!zovaniyem lish'signala 


oshibki 111 reguliruyemoy koordinaty i yeye pervoy proizvodnoy) 


PERIODICAL! (ussn) i Telemekhanika, 1957, Yol. 18, Nr 10, pp. 873-885 
USSR 


ABSTRACT: A method of obtaining complicated laws of control which might 
be necessary for the solution of stabilization problems and of 
obtaining high quality control is demonstrated. If a functional 


transformation w(t) =o (x, x) x(t) + @v(x, £) x(t) 140 intro- 
duoed into the law of control of a linear syaten of automatio 
control, the effectiveness of this correction will remain un- 
changes with the various ohanges of the scale of the exoiting 


action (x, &), o (x, £) are step-funotions which within 

certain sectors of the plane x, £ assume constant vglues and whioh 

show "cracks" (steps) of the first order, It is demonstrated that 

the above functional transformation oan be realised by means of 

a@ non linear corrector built up by means of a simple relay sohene. 
Card 1/2 There are 16 figures and 8 Slavic references. 
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AUTHOR: ‘.Yemel!yanoy,,.G.a.V. Fedotova, A. I, (Moscow) 


TITLE: | Design of Optimum Automatic Control Systems of the 
Second Order Using Limiting Values of Gain of Control 
Circuit Elements 


PERIODICAL! (ie 4 telemekhanika 1960, Vol 21, Nr 1, pp 56-63 
te USSR 


ABSTRACT: ' In the study the problem is discussed of obtaining 
automatic control giving the optimum transient state 
in linear systems of the second order, when use is 
made of maximum magnitudes of transfer coefficients of 

‘ the system, The optimum transient process is such a 
process which does not have overregulation when the step 
unit function is applicated, and for which the time, 
during which the controlled coordinate is smaller than 
any beforehand set value, is the minimum. .(1) Design 
of optimum transient processes of automatic regulation 
systems of the second order using the limiting values 

Card 1/11 of transfer coefficients: Figure 1 shows the system 
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discussed. 

Fig. 1. 


The equations of the component elements of this system 
are as follows: The equation of the regulated object: 


ist Tot + pee — ETO (1) 
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The performing mechanism's equation iss 
Py =o. * (2) ; 
The equation of the master arrangement is; 


7—§(t)=9; » (3) 
and the equation of the summating arrangement ist 


f=Ko+To, — 


is relative change in the error signal; [t is rela- 
tive deviation of the regulating device; 1/p is static 
cara 3/11 transfer coefficient of the object; T./ P “Le time 


“Dp x is relative deviation of the regulated coordinate; 
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constant of the regulated object; qT. 1s integration 


constant of the performing mechanism; K is gain of the 
amplifier of the error si nals T is coefficient of 
action over derivative; fis the output quantity of 
the summating device; f(t) 1is:external perturbance: 

and g(t) 1s reference signal, Assuming f(t) = g(t) =0 


the following equation for the free oscillations of the 
system is obtained: ; 
@ -+ 2hg, +4 wip = 0. 
Here : 
r K (4) 


The phase plane analysis is made with respect to para- 
meters K and I’ which can vary within the ranges 
—Ky<K Ky —WST Ko 
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where K, and <5 are limiting magnitudes of coefficients 


K and T, respectively. Variation of signs of coeffi- 
clents K and T gives four system structures: 


I) A>0, 7T>0; 
“)AD>O, <0; 
3) K <0, 7>0; 
‘)yK<0, T<0, 


The equations of free oscillations are given for these 
four cases on the basis of previously published papers. 
Figure 2 shows the phase representation of the system, 
Figure 2a and b, correspond to the first case, Fig. 2c 
and d to the second, Fig, 2c to the third, and Fig, er 
corresponds to the fourth case, The succession of 
changes in the structure of the system must be so 

Card 5/11 determined that the point of representation moves 
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toward the origin of coordinates in such a manner that 
the transfer process of the system with respect to the 
regulated coordinate be an optimum. The resultant 

phase representation of the optimum transfer performance » 
is shown on Fig. 3. The phase representation of the 
optimum control system is a three-leaf phase surface, 

The nonlinear law of the regulation insuring such a 
change in the structure of the system is given in the 
forms 


Ko-+Te At gp>0, | 
E()= 1 Ke—Te at (TtKyg)p<0,  - 14) 
(Ke + Te av (Typ + Kipp <0. . 
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(2) Design of the optimum law of control; From Eq. (14) 
1t follows that the system must contain a nonlinear | 
correcting arrangement. with a switching device changing 
the sign of the error Signal and its derivative during 
the transient performance, as required by their signs 
and correlations. This is realized by the nonlinear 
arrangement of the "key" type consisting of two 

meshes. The diagram of the correcting system is shown 
on Fig. 4. This diagram is taken from one of previously 
published papers. ‘The first ib 1 mesh passes the 


signal ey when (T, @ + KP ) & O and the second 

> mesh passes the signal @ when TP + Kp yS 0. 
There are 5 figures; and 20 references, 16 Soviet, 1 
German, 1 Czechoslovak, 2 U.S. The U.S. references are; 
Fluegge-Lotz, I., Taylor, C. F. Synthesis of a Nonlinear 


Control System, Trans, IRE, PG AC-1, May, 1956; 
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Fluegge-Lotz, I » Wunsch, W. 8 0 
e 2 ¢ Se, On a Nonlinear 
cos System, Journ. Appl. Phys., Vol 26, April, 


SUBMITTED: June 20, 1959 
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BO12/B063 


AUTHORS : Burovoyy I, Ae, Yemeltyanov, S. Ve (Hoscow) 


wv 
TITLE: Control 'of Some Continuous Manufac & Processes by 


‘Minimum Changes of the Controlling Actions 


PERIODICAL: Avtomatika i telemekhanika, 1960, Vol. 21, Noe 8, 
: pPpe 1149-1157 


TEXT: First, it 48 noted that the controllers available at present show 
discrepancies between technological requirements and control dynanics,. 

It ia therefore necessary to develop such automatic control systems as 
guarantoe the necessary quality of control processes for minimum changes 

of the controlling ootions that are required for tho compensation of dia- 
turbances in statio modes of operation (without measurements). This is . 
illustrated by some examples. The resulting problem was solved by means U/ 
of a new controller developed on the basis of the theory of non-linear CL 
automatic control systems of variable structure (Refs. 4 - 7). To illus- 
trate the "synthesis" of the non-linear control law that warrants the 
necessary structural change of the controller, the authors studied the 
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simplest automatic control system which is expressed by non-linear dif~ 
ferential equations of the second order. This system is schematically 

shown in Fig. 1a. The non-linear control law is "synthesized" for this 
system with minimum changes of the controlling action. In order to obtain 
this non-linear control law, the authors employed the method of the 
many-sheeted phase surface (Ref. 8). Thus, the problem to be solved is 
reduced to the phase representation of a non-linear system, which illus- 
trates the successive structural changes. Next, the authors give the three vi 
systems of structures possible for a given structure of the object and in \/ 
the absence of other actions in the control law. It is shown that the 
equation of a controller warranting the necessary structural change during 
the transient must have the form of formula (9). The properties of the 
resultant non-linear system are compared with those of the linear control 
Bystem that is based on the :') ~130 (IR-130) controller. The maximum 

value of the dynamic error is used for comparison. formulas (11) and (12) 

are written down for the determination of this value for linear and 
non-linear systems, respectively. This comparison indicates that, contrary 
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to indus systens, a rather emall error can be obtained for the systen 
with a non-linear correction. This is due to a quicker action of the 
controller, It proved to be suitable to construct non-linear controllers 
of variable structure and to exclude the function derived and the 
linearizing elements of the ewitching mechanism. Fig. 3 shows the cirouit 
diagram and Fig. 4 a photograph of such a controller. The latter consists 
of logical operation cirouit with an integral member of constant velocity. 
if this member ia combined with six relay elements, it warrants the 
necessary structural change during the transient. Besides, the controller 
has an integral switohing mechanism of constant velooity. The controller 
described has already been tested industrially, and ia at present being 
tested in operation. M. S, Lodyseva and 0. P. Zelentsov assisted in this 
work, It is finally noted that the theoretioal study of the final 
construotion of this non-linear controller of variable structure will 

be described individually. There are 4 figures and 6 references! 

7 Soviet and 1 Australian. 
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. , AUTHORS + Yemel'yanov, 5- y. and Fedotova, A. I. (Moscow) 
TITLE: ‘synthesis of zero position error jin follow-up systems 


with variable structure 


“PERIODICAL: Avtomatika i telemekhanika, V+ 23, noe 10, 1962, 

: 4298-1312 

“mex; The authors attempt to synthesize 4 follow-up system reproduc- 

, ing without position error any control action described by conti- | 

‘nuous (also transcendental functions containing & single integrat- = 

. ing unit and satisfying the condition that, within a wide range of & 
command functions g(t), the law of control remains unchanged. The ° 
principle of automatic control systems with variable structurd is : 
applied. The control functions g(t) analyzed are of the type & t) = 
-§ and g(t) =ats at which the performance factors of transients re- 
main constant. The analysis results ina nonlinear element in the 
follow-up system forming the logical function of the control law in 

_ various ways by means of typical logical elements. One possible 
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version consists of one polarized relay, + < 
dif Y, two groupe of diodes, two — 
oe networks and two potentiometers, There are 8 fi- ye 
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AUTHORS: Yemel tyanov, s.V., Taran, V.A. (Moscow) 

TITLE: On a class of automatic control systems with variable 
structure 

PERIODICAL: Akademiya nauk SSSR. Izvestiya. Otdeleniye 
tekhnicheskikh nauk, Energetika i avtomatika, 
no.3, 1962, 183-188 

TEXT: The author refers to A.M.Letov's demonstation (Avtomatika - 


i telemekhanika, v.18, no.7, 1957) that the quality of an 

automatic control system can be improved substantially by change 

of sign of the controller velocity at a certain instant of time 
chosen so that the generating point in the phasé space finds 

itself on a certain hyperplane, with absence of motion corresponding 
to a roaal positive root, Unfortunately present technical 
possibilities do not permit such systoms to bo roalized and 
inexactness in determining the instant of switching leads to. 


‘instability. The author socks a similar system, having the 
advantages of conditionally stable systems, without their 
disadvantages, It is necessary to select a switching hyperplane 
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such that it pass through the origin of coordinates, be 
sufficiently close to the Letov hyporplane and with the phase 
velocity vectors in its vicinity everywhere directed towards it. 
Then the generating point will move in slipping mode on the 
hyperplane and with small deviations away from it will always 
return to it. In such cases the quality of transient processes 
will be almost that of the conditionally stable system without the 
need for exact incidence of the generating point on the hyperplane. 
The author considers successively stability over the entire 
hyperplane and the conditions of incidence on the hyperplane for 
arbitrary initial conditions. 


im 


SUBMITTED: March 20, 1962 — 


"APPROVED FOR RELEASE: 03/15/2001 CIA-RDP86-00513R001962620019-5 


a eh ree Ni SSE LESSENS RERNSIGLIT TARSAL Bie Bomar eRe 


High-quality control of some nonlinear objects wi 

th variable 
parameters. Izv, AN SSSR. Otd. tekh, nauk, Energ, 1 pain ; ef 
no.41122-129 Jl-Ag '62, (MIRA 15:8) 


(Automatic control) 


ao aie ia aN fed ae eee a ps i oa. ab aaah as : tee fois : eh 
APPROVED RELEASE: 03/15/2001 CIA-RDP86-00513R001962620019-5" 


oP PROVED FOR RELEASE: hese rai rade PR OrSe. sah ashtehairiaaees = 


Spare ce ey 


16.6000 i. | 8/020 é2/145/004/o01/024 
. B112/3102 


AUTHORS: Yemel'yanov, S. V., and Bermant, M. A. 


PITLE: Design of high-quality automatic control systems for objects’ 
with yariable parame ters ; 


PERIODICAL: Akadeniya nauk SSSR. Doklady, v. 145, no. 4, 1962, 748 ee Gy ae 


: 
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de 452 ean y 48 golved in sae a way that the seiueians depend on the 
Object parameters ay: “and by only outside a certain region.U. <A seconé- 


J 
gorder system is considered as an example. There are 3 figures. 


QekT: The system of differential equations ax/at = T(x), where |b 
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_ AUTHORS: Yemol'yanov, S. V. and Taran, V. A. (Moscow ) 
. PITLE: Lag networks in the design of a class of automatic 


control systems with variable structure. I 


PERIODICAL: Avtomatika i telemekhanika, ve 24, no. 1, 1963, 33-46 


..'. TEXT: The authors show, on the example’ of ‘control of a neutral 
object by means of a regulator with zero position error, that the 
system can be stabilized by replacing the differentiating units by 

. lag networks: they also-analyze such’'a system by representing its 
motion in a three~dimensional phase space X, x, 9 and by its pro- 
jections on planes xx and x0 (where 9 is the signal at the input 

‘of the lag network). In the system analyzed the switching network 


“  (W. network) is that suggested By S. V. Yemel'yanov: (Avtomatika i _ 


.: telemekhanika,' v. 20, no. 7, 1959). The theoretical analysis of 
-:'the motion for arbitrary initial conditions makes it possible to 
-' . determine the parameters of the lag network as dependent on the 


"+ parameters of the system. The analysis of the motion in the three- 
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Lag networks in ... D201/D308 
.... dimensional phase space allows further recalculation of the lag p 
network parameters if optimum transient is to be achieved. There 


are 11 figures. 
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AUTHORS # Yemel'yanov, S.Vs. Taran, V.A. (Moscow) 
TITLE: “A-method for stabilizing automatic control systems 
with alternating (variable) structure without use of 
the error signal derivatives 


-PERTODICAL: Akademiya nauk SSSR. Izvestiya. Otdeleniye 
tekhnicheskikh nauk. Tekhnicheskaya kibernetika. 
no.l, 1963, 155-172 
TEXT: The systems studied have two different corrective filters 
depending on the sign of the error signal. The system studied in 
_the present note is of second order and-it is shown that the use 
of switched inertial linear filters gives results similar in 
quality to those obtained with other types of structure variation, 
without use of the first derivative of the error signal in the 
control function. Relations are obtained for the establishment 
—ef—the—filter parameters. If the filter time constant is reduced 
the system dynamics are improved but’ the & i in patem—must—bo... 
-. more sensitive. The system can realize transients without over- 
> ghoot or with a single overshoot, The range of initial 
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conditions for which no overshoot occurs can be 4s great as in 
systems with derivative control, There are 9 figures. 
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pats AUTHORS ¢. ae : o ‘Xemel'yanov, 3.V. and Taran, V.Ac (Moscow) Lhe a 

“mrm:  Appldeation of Lag elements to the design’of a clasa 
nin of vardable structure reguLatora. 3 er Tah 


“,PERIODICAL:. - _ avtomatika 4 telemekhanika, v. 24, no. 2, 1963, 0-1 
Me 95 ~201 PO oe eee ee 
Per DUOne @ sae se * 7, The authors consider: -1) the choice of parameters of --/ 
“ the, Lag element nodetve not more than one overshoot at any initial ;-<//': 
“ gonditions, 2) the possibility of extending the range of initial cond Vf pet 
a 6. ditions with no overshoot in the. system, and 3).the monotonicity of i °° °° 
| the transient. Conclusions: 1) In designing automatic regulators of) 
SE  vartable structure it ia possible to use the error signal as trans- |. 
. formed by either a lag or a lagless element. The parameters of the 
Lag element have to satisfy certain conditions derived in part I and. 
“ TL of the work, 2) A decrcase of the time constant of the lag ele- |... ° im 
- tent imposes the system dynamica but requiras a.more acnsitive awitoh-. .-. 
ing arrangement. 3) It is possible, depending ott initial conditions; * .... 
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overshoot only. The range of initial conditions for which the res- . 
ponse has no overshoots may be extend:d if the switching is ote ff 4 


led either by the crror itself or by its derivative. ALL results i 
were checked on UMT-5 (IPT-5) analog ‘computer and proved to be in | e 
_ agreement with the. theoretical analysis. There are 5 figures and Lo * 
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AUTHOR: Bermant,-M. A. ; Yemel'yanov, 8. Vz, : Hk (o 
TITLE: Vethoa for controlling a certain class of verlable-parameter systems 
SOURCE: Avtomatika 1 telemekhnika, v. 24, no. 5, 1963, 615-627 
TOPIC TAGS: varieble-structure controlled systems, automatic control systens 


ABSTRACT: In many cases the controlled-system parameters vary over a wide 
Tenge. An autormatic-control system that permits mlimited increase in the 
amplification factor of an open-loop system can be used in such cases. For 
closed-loop systems, similar conditions arise under a “sliding regime", instead of 
the unlimited a. f. The sliding regime can occur, with certain limitations, in 
any dynamic system that can be described by @ set of differential eqmtions 
having discontinuous right~hard members, Specifically, 1t can occur in 
"varlable-structure' systems. The above differential equations are analyzed in 
the article. Controlling the varieble-pareneter neutral system by means of a 
floating~-action controller is considered in detail. A numerical example is 
presented, Orig. art. has: 57 equations and 10 figures. 
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_YENEL'YANOY, Ss Vey ‘UTKIN, V.I. 
Use of automatic. regulation. systems.of variable structure for 
controlling objects whose parameters vary within a wide range. 
Dokl, AN SSSR 152 no.2:299-301.S '63. (MIRA 16311) 


1. Institut avtomatiki i telemekhaniki AN SSSR. Predstavleno 
akademikom B.N, Petrovym. 
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“AUTHORS: Petrov, B. N. (Academician); Yemel'yanov, 8. V. 


“RT OLE: The principle of constructing combined automatic control ° 
systems with variable structure 


-;SOURCE: AN SSSR. Doxlady*;, v. 153, no. 5, 1963, 1020-1023 


“TOPIC TAGS: combined servo system, servo system, variable structure, 
‘control system, control response reproduction accuracy, linear non- 
‘homogeneous differential equation, static reproduction, dynamic 

_ freproduction, open loop structure, closed loop structure, variable 
‘structure servo 


{ . . 

-ABSTRACT: Combined servos are used in many cases in order to improve 
“s:the static and dynamic fidelity of reproduction of the nani vulated 

ivariable. The transient responses in such systems can be described 

‘by a linear nonhomogeneous differential equation N(p)x=N(p)¢(+t) 

‘where M(p) and N(p) are operator polynomials with respect to (v); 

:p.s d/dt; x 4s the error signal; and g(t) is the manipulated variable, 

, being a continuous time function. Independence of the error sien-l 
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any trajectories in the domain U which would serve as segments of 
Limit cycles with partially sliding regime. Then the solution of the 
initial system of differential equations dx/dt= f(x,g(t)) will depend 
‘upon the controlling disturbance and parameters of the closed and 
open loops only up to the moment when x(t) falls into the donain U, 
‘where the solution coincides with the solution of the system of 
homogeneous differential equations dx/dt= f°(x). Because the 
transient response terminates in tne domain U, the combined servo 
system reproduces a wide class of maninulated variables 3(t) without 
static errors, and, inasmuch as the solution in JU depends only upon 
‘athe coefficients cj, the influence of the closed and onen loop 
“parameters upon the quality of tne control process will essentially 
weaken. Orig. art. has: 4 Figures and 10 Equations. 


“ASSOCIATION: Akademiya nauk SSSR (Academy of sciences SSSR) 
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'&,, bj are constant coefficients, a,+0, bur =4,n>m,p* is a generalized- 

: derivative operator, x, is the controlled variable, and Y is the discontinuous 

' function of the system of coordinates. By introducing a new system of 

coordinates connected with the initial system by certain operators, phase | 

‘ trajectories are made continuous. A control law is developed under which the ' 
switching hyperplane, in this new space, occupies a fixed position. Conditions | 

‘ for the existence of a sliding mode in the entire switching hyperplane are 
deduced. Orig. arte, has: 19 formulas. 
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‘ABSTRACT: A variable-structure automatic-control ‘system is considered which | 
' can be described by this equation: 
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;' ABSTRACT: The theoretical proof is offered that, ina variablé-structure ‘ 

"- Butomatic-control system of the n-th order having a high enough open-loop gain, 

* any motion will be under sliding conditions from a certain moment of time. The 

* theorem is proven that, with a sufficient gain, the state ‘point in the space X, 

* .from any initial position, over a finite tima interval,. will reach the hyperplane S. 
'. Hence, the automatic-control system will bo stable. Orig. art. has; 8 formulas, 
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